Cotesia plutellae (Kurdjumov) (Hymenoptera: Braconidae) is the major larval parasitoid of Plutella xylostella (L) 3 0
1 0 1 honey in water as food. These wasps were allowed to mate, and oviposit on late second instar DBM larvae which were 1 0 2 transferred to clean jars and reared on cauliflower leaves in the absence of honey.
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For each test, required number of parasitoid cocoons were drawn from the culture and kept one each in a glass vial (60 1 0 4 mm long, 15 mm dia). Virgin, water satiated and food-deprived wasps were used for various tests within 4 -8 h of their 1 0 5 emergence. All tests were carried out in a room with exhaust facility and maintaining 25±1 0 C and 65±5% R.H.
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Methods to study flight response 1 0 7
The influence of light intensities and feeding status on the vertical angle of flight in freshly emerged naïve male and 1 0 8 female C. plutellae was evaluated in flight chamber under laboratory condition. The experiment was carried out in a 1 0 9 cylinder having diameter 15cm and height 30 cm. The cylinder was divided into three zones lower, middle and upper 1 1 0 zones. The inner wall was made sticky by an odour less grease and top was covered by sticky transparent lid. The whole 1 1 1 setup was covered by black paper except at top from where light was allowed to come. The chamber was illuminated 1 1 2 from above by two 20 W fluorescent tube lights (60 cm each) at a height of 20 cm from the horizontal arm. The intensity 1 1 3 of light was controlled by the dimmerstat.
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Effect of light intensity 1 1 5
The flight angle of inclination was measured for both males and females at different light intensity in cylindrical flight 1 1 6 chamber. The intensity of light used were 0 lux, 10 lux, 100 lux, 500 lux and 1000 lux. A group of five freshly emerged 1 1 7 wasps were released in the middle of the base of flight chamber. The chamber was undisturbed for one hour. After that, 1 1 8 the upper lid was open and the wasp's stuck to the different zones of the cylinder were counted. The experiment was 1 1 9 repeated five times of 50 insects arranged in 10 insects of each replicate. 1 2 0 Effect of feeding 1 2 1
Freshly emerged wasps were allowed to feed on honey solution (50%) for fifteen minutes. After feeding, wasps were 1 2 2 kept in the vials. The 10 ml of 50 % honey solution was soaked on whatman filter paper no. 1 in petridish, of 15 cm 1 2 3 diameter,. The petridish was kept at the base of flight chamber and covered with nylon net of mesh size 12 x 12 mesh 1 2 4 /cm so that insect could not touch the honey and could only perceive the volatile. Thirty minutes after feeding, a groups 1 2 5 of five insects were released in the base of the chamber. The chamber was undisturbed for one hour. After one hour, 1 2 6 upper lid was removed and the insects stuck to different zones of the cylinder were counted. The light intensity of 100 1 2 7 lux was provided from the top of the chamber. Similarly, insects were fed on 20 % sucrose solution and flight was tested 1 2 8
in the presence of honey volatile provided from below the chamber. The experiment was repeated five times and each 1 2 9 replicate consists of 10 insects. At 0 lux, female showed poor flight response, either they did not take off or they remained stuck to lower zone of 1 4 0 the chamber. The percentage of female wasps that stuck to the lower zone (78%) was significantly higher (P<0.05) 1 4 1 than middle and upper zone (12% and 10% respectively) ( Fig. 1 ). However, there was no significant difference 1 4 2 between middle and upper zone.
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At 10 lux, percentage of female wasps that stuck to the lower and upper zone was statistically similar (42% and 44% 1 4 4 respectively) (P>0.05) whereas, the percentage of female sticking to the middle zone (14%) was significantly lower 1 4 5 (P<0.05) than other two zones of the chamber. At 100 lux, vertical flight of female wasps increased and significantly 1 4 6 (P<0.05) higher number of these wasps stuck to the upper zone (60%) as compare to lower (16%) and middle zone 1 4 7 (24%). Whereas, sticking of wasps to the lower and middle zone did not differ significantly (P>0.05) ( Fig. 1 ).
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Further increase in flight activity was observed at 500 lux. Significantly higher percentage of female wasps was 1 4 9 observed sticking to the upper zone (92%) as compared to lower (0%) and middle zone (8%) ( Fig. 1 ). Whereas, no 1 5 0 difference was found between lower and middle zone of the chamber. Similar trend was observed at 1000 lux, where 1 5 1 the percentage of female wasps sticking to the upper zone (94%) was significantly higher (p<0.05) than at the other 1 5 2 two zones.
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The vertical flight of female C. plutellae wasps was also compared in between various light intensities at a particular 1 5 4 zone. At lower zone, the percentage of female found sticking was highest at 0 lux intensity (78%) and none was 1 5 5 found at 500 lux and 1000 lux intensity. There was significant difference (P<0.05) in the percentage of female wasps 1 5 6 found sticking to the lower zone between light intensities 0, 10, 100 and 500 lux. However, the difference was not 1 5 7 significant between 500 lux and 1000 lux. It was found that the female wasps that stuck to lower zone, decreased 1 5 8 significantly, as the light intensity was increase from 0 lux to 500 lux. However, at upper zone, the percentage of the 1 5 9 female wasps stuck was directly proportional to the light intensity.
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The flight of male wasps was also influenced by light intensity and the trend was similar to that of female wasp ( Fig.   1  6  1 2). However, the flight response in them was weaker than female wasps. At 0 lux, significantly higher (P<0.05) 1 6 2 percentage of male wasps stuck to the lower zone (90%). Whereas, the percentage of wasps that stuck to the middle 1 6 3 (8%) and upper zone (2%) did not differ significantly (P>0.05) with each other. At 10 lux, only 24% of the male 1 6 4 were stuck to the upper zone while 58% remained to lower zone and rest were in the middle zone (18%). At 100 lux 1 6 5 and 500 lux, percentage of the male wasps sticking to the lower, middle and upper zone did not differ significantly 1 6 6 (P>0.05). Only 36% males at 100 lux and 32% at 500 lux were stuck at lower zone whereas, 38% at 100 lux and 1 6 7 40% at 500 lux were stuck to upper zone. At 1000 lux, percentage of wasps that stuck to middle (20%) and upper 1 6 8 zone (32%) did not differ significantly whereas, wasps at lower zone (48%) differ significantly with other two 1 6 9 zones. Overall, increase in light intensity influenced the flight response of wasps resulting in increased vertical flight 1 7 0 of the wasps.
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The flight response of male wasps was also compared between different light intensities at a particular zone. At 1 7 2 lower zone, the percentage of the male wasps that stuck (90%) was significantly higher (P<0.05) at 0 lux than at 10 1 7 3 lux, 100 lux, 500 lux and 1000 lux. The percentage of wasps found sticking on middle zone at 0 lux,10 lux, and 1 7 4 1000 lux and at 100 lux and 500 lux did not differ significantly (P>0.05). At upper zone, the percentage of wasps 1 7 5 stuck at 0 lux differed significantly with 10, 100, 500 and 1000 lux. However, the percentage of wasps found 1 7 6 sticking to upper zone at 100, 500 and 1000 lux did not differ significantly (P>0.05) (Fig. 2 ).
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When compared between the sexes, it was found that the females were more sensitive to light intensity than males.
7 8
Both the sexes did not show any significant difference (P>0.05) in the flight activity at 0 lux (Table 1) . At 10 lux, 1 7 9 significantly higher (P<0.05) percentage of male wasps stuck to the lower zone while females stuck to the upper 1 8 0 zone (P<0.001) (Table 1) . However, the wasps stuck to the middle zone were statistically similar (P>0.05). At 100 1 8 1 lux, no significant difference (P>0.05) was observed between the sexes stuck on middle zone. Whereas, significantly 1 8 2 higher percentage (P<0.001) of male wasps were found stuck to the lower zone and female wasps were found to 1 8 3 stick on the upper zone. At 500 and 1000 lux, significantly higher (P<0.001) percentage of female wasps stuck to the 1 8 4 upper zone while male wasps were restricted to lower and middle zone (Table 1) .
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Flight Response at Different Physiological Condition 1 8 6
The adult C. plutellae wasps showed different propensity to initiate the flight at different physiological condition. In 1 8 7 control, where freshly emerged naïve female wasps were not provided any food or odour, significantly higher 1 8 8 (p<0.05) percentage of wasps (60%) reached to the upper zone of the chamber. Whereas, the percentage of wasps 1 8 9 that reached to lower zone (16%) or middle zone (24%) did not differ significantly ( Fig. 5.4) . When freshly emerged 1 9 0 unfed wasps were provided honey volatile from the bottom of the chamber, flight was arrested and significantly 1 9 1 higher (p<0.05) percentage of wasps were restricted to lower zone (60%). They either continued to search and 1 9 2 antennate over nylon mesh through which honey odour was emanating or they remained stuck to the lower zone 1 9 3 ( Fig. 3) . However, the percentage of wasps that reached to middle zone (14%) was significantly lower (p<0.05) than 1 9 4 upper zone (26%) and lower zone (60%) of the chamber.
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When freshly emerged female wasps were fed honey and then provided honey volatile from the bottom of the 1 9 6 chamber, odour did not interfere with the flight activity. The percentage of wasps that reached to the upper zone 1 9 7 (78%) of the chamber was significantly higher than the other two zones (P<0.05). However, the percentage of 1 9 8 female wasps that reached to the lower (10%) and middle zone (12%) did not differ significantly (P>0.05) (Fig. 3 ).
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Female wasps fed on sucrose diet did not satiate wasps and their flight activity was arrested by honey odour 
0 5
The flight activity of the female wasps was also compared between various feeding conditions at a particular zone.
0 6
At lower zone, unfed female wasps were restricted significantly higher than rest of the other feeding states.
0 7
However, wasps fed on honey or control did not differ significantly (p>0.05) (Fig. 3) . Moreover, at the upper zone, a 2 0 8 significantly higher (p<0.05) percentage of female wasps fed on honey was observed than in the wasps at the other 2 0 9 feeding state.
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The flight activity of male wasps was also influenced by the honey odour. In control, when freshly emerged naïve 2 1 1 wasps were not provided any food and honey odour, male wasps reaching to lower (36%), middle (26%) and upper 2 1 2 (38%) zones were statistically similar (P>0.05) (Fig. 4) . When freshly emerged unfed wasps were provided honey 2 1 3 odour from the bottom of the chamber, honey odour arrested the flight activity of male wasps. Significantly 2 1 4 (P<0.05) higher percentage of male wasps remained in lower zone (68%). The searching behaviour shown by male 2 1 5 wasps were similar to the female wasps. However, wasps that reached to upper zone (26%) was significantly 2 1 6 (P<0.05) higher than middle zone (6%) of the chamber (Fig. 4) .
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When honey fed male wasps were provided honey volatile, wasps reached to lower (38%) and upper (50%) zone did 2 1 8 not differ significantly (P>0.05). Whereas, the wasps reached to middle zone (12%) was significantly (P<0.05) 2 1 9 lower than other zones of the chamber. Unlike female wasps, percentage of sucrose fed males reaching to lower 2 2 0 (32%), middle (30%) and upper (38%) zone were statistically similar (P>0.05).
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Males were also compared for particular zone at various feeding state. The result showed that significantly higher 2 2 2 (P<0.05) percentage of unfed wasps remained on lower zone as compared to the rest of the feeding state in this zone.
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At middle zone, unfed wasps (6%) were stuck significantly (P<0.05) lower than control (26%) and sucrose fed 2 2 4 (30%) males. Whereas, at upper zone, honey fed (50%) wasps were significantly higher than rest of the feeding state 2 2 5 ( Fig. 4 ).
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When the flight activity of both the sexes was compared at each feeding physiological state, it was found that state 2 2 7 of feeding significantly influenced the activity of the wasps, especially in female wasps (Table 2 ). In control, male 2 2 8 showed significantly (P<0.001) lower vertical flight (36%) than females (16%) as a result higher percentage of the 2 2 9 wasps stuck to lower zone in the absence of any odour ( Table 2) . Percentage of female wasps that stuck at upper 2 3 0 zone (60%) was significantly higher than males (38%). However, there was no significant difference (P>0.05) 2 3 1 between male and female wasps on middle zone (Table 2 ). In the unfed state, no significant difference (p>0.05) was 2 3 2 observed in the lower as well as upper zone between the male and female wasps. However, higher percentage of 2 3 3 female wasps reached to middle zone as compared to male wasps at unfed state. Statistically lower percentage 2 3 4 (P<0.001) of honey fed males stuck to the upper zone (50%) than honey fed females (78%) ( Table 2 ). Higher 2 3 5 percentage of the male wasps was restricted to lower zone (38%) than females (10%) in honey fed state. Whereas, 2 3 6 there was no significant difference (P>0.05) between male and female at middle zone. In the lower and middle 2 3 7 zones, no significant difference (p>0.05) was observed between the sucrose fed males and females. However, 2 3 8 significantly higher percentage (p<0.05) of sucrose fed male wasps (38%) was observed in the upper zone than 2 3 9 sucrose fed female wasps (20%) ( Table 2) . 
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As the light intensity increases, vertical angle of flight also increases reflected by percentage of wasps reaching and 2 4 6 sticking to the upper zone in the flight chamber. However, females showed high response at higher light intensity 2 4 7 than males. This indicates that the females are more active flier than the males. Fahrner et al (2014) 
